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A.

ABS8TRACT
The Johns Hopkins University
Bchool of Eygiene and Public Health

Sterilization Action of Chlorine and Iodine
on Bacteris and Viruses in Hater Systers

Dr. Tu-Chibh Hsu, Assistant Professor of Ssnitery Engineering
Dr. Cornelius W. Kruseé, Professor of Banitary Engiceering

-Ro. of ot T Diustrationss §

1 July 1963 to 28 Peuruary 196L
Oontrect b-‘t DA-b9-193 MD 2314

fuwpported by 1 U,8, Army Medical Research & Development Command
Department of the Army, Washingtom, D, C.

Anmual report to tha Comission of Rnvironmental Kyglens of
the Armed Forces Rpidemiological Board

Bffect of Iodine on Bactsrial RMA Virus (f.)

Iodine rescts best with some viruses at p¥ values betwoen § and 8,

and at much higher or lower pH than delimited by the range, the
insctivation of virus will be materially reduced,

The presence of the 10dide fon will greatly reduce the insctivetior

of some viruses.

Probahle Mode of Action of Yodine on Bacterisl Yirus Jt,)
The reaction of iodine with the snl’hydryl grovpe of the protein

coat spparently is not responsitle for the cosplete inastivsticn of
the virus.

Ir.ination of the tymsin was effective provided no significant

WSt , of 1odide was {n the aystem,

7.
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- Introduction

This progress report is concerned with the contimmation study
of the mode of action of jodine in the insctivation of dacteris ani
viruses, The previous finding revealed that the bactericidal actiomn
of iodine is repid, being complete within one minute. The killing
.action continuves until all iodine is consumed. The abdility of the
bacterial cell to consums oxyger and o incorporate irorganic phos-
phate into RNA and DNA is blocked immediately by the action of iodine.
Nyverthelsss, iodine was unable to inactivate the transforming DEA,
whereas both chlorine and bromine resdily umwod the transforming
activity (gae Figure 1), Experiments with 1Y% most of the lodine
reacting with the dacterial cell suggest that killing is primarily
by oxidaticn of the sulfhydryl groups rather than by substitution
or additions to the becteria components.

The current stuiies bave concentrated on the effect of iodine om
dYacterial RNA virus (fp) and on polio virus. Work with the latter
has not progressed luf’ieiontly to include findings since equinment
bad t0 be assexdled and suitable systems devised for conlucting etuldy
with polio,

Materials and Methods

RNA bPacterial virus fo strain wvas kxindly supplied dy Dr, K.D. Einder
through Dr, T, Pukasawa. ari methods were the same as degorided
bty Loeb and Zinder (1). The f, Lacterial virus was precipitated with
2M concentration of samonium -51:.« and resuspended in 0,05M phos-
phate buffer, pH 7, containing O.1kM saline (PBES), The bagterial
virus stock -okution, containing spproximately 1015 PIU/ul, was
diluted t0 10™" and used s & test virus. In some of the later
experipents a CsCl purified phage was used as test sirain. Meaidual
icdine was dvtected with Paragor (Esstern Chemical Company) indicator.

. In order to terminats 1odine reaction, sodivm thoisulfate was

used for initial experiments. In moct experiments, however, thoisulfats
was not necessary since mixing test svlutions into conplexing medis
instootly reduced the sotive lodine to iodide. Pars-chloromerouri-
winsdc a0id, ocbtained from the Sigma Company, Inc., was diluted in
»*, > tris-BCL buffer (pH 8) containing 0.14M ¥aCl. For reaction at
diffurent pH levels, acetats, phosphate, tris-HCi, glycine buffer was
used in proper range of pH, each containing 0.1kM of saline.

(1)Locd, T. and 2inder, N. D., A Bacteriophzge Containing RMA, PNAS
by 262, 1960 - . | S
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Jodotyrosin vas measured in increments at 312 millimicrons
wave length (2).

Results

The inactivation of both Esch., coli and the becterial virus wven
complete st room temperature within 3U seconds vith a 0.04 M dossge
of icdine (10 mg/l) in the presence of 0.0k8 aM of 1odide. It was
observed, hoxever, tha® small incresses in iodide concentralion altsred
the rate of virus insctivation but 414 not materially reduce the
effect on Bach., coli, Even at 0°C in the presence o 0.5M {odide
R, coll wes insctivated vithin five minutes, vherses the bacterial
virus vas almost fully active during one bour of contact. These
results are shovn in Figure 8.

~ Using & constant dossge of indine of 0,0k s at room tampersture
the relationship of varying concentration of iolide and survival of
virus is given in Figure J. After 10 minutes of contact a striking
incresse in surviving virus tion {s ovtained by incresasing the
concentration of KI 10°/% to 10"“M. If the concentratiom of XI
is increased sbove 10°“M, more than 10% of the initial inoculum will
survive,

It can be seen from virus survivals obtained at the emd of 5, 30
ant 60 mimutss of gontact time that the ccncentration of XI altars the
rats of virus insctivation by i1odine, as given on the right grepk in
Figure 3.

The kydrogen inm concentration exerts s profound influsnoce ou
the action of chlorine and may be expected +o similarly affect the
disinfection properties of 1cdine. The results, bowever, with virue
insctivation were somevhat unexpected, PFgure ‘l shovs the survival
fracticn of virus at different pH valuss after constant amounts of
virus were reactsd with the same iocdine dosage of 0.04 M in the preserce
of 0,048 mM of 1odide. The survival of virus varied directly with the
hydrczen ion concentration. Below pH 6 thers wes an increass in the
av. rial fraction, reaching s maximm at pE & to 5 vhere more tkey 0.1%
»* the virus remained active after 10 mivutes of contact time.

Para-chloromsrcuribenzeic acid (POMB) is a sulfhydryl attaciing
agent, Esch. coli and virus ware treated vith a 10°OM soncentraticn
of PCMB at rocm *emperaturs and pH 8.0 for one hour. The survival of

(2)Cha, C. Y. and Bcheraga, . A., Uiffersntiation of the Tyrosyl Growp
of Riboruclsase A by Iodination, Bioch. 7 phy. Resesrch Commu.
b3 61, 1961
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organisms have teen plotted‘in Figure 5. It is apparent that while
E., coli was successfully inactivated within & fev seconds the virus
remained active for more than one hour of contact.

Tyrosin, another protein residue in the coat of the bacterial
virus, may be involved in interaction with 1odine. Experimsntal
results, anlso shown in Figure 5, indicate that iodinsation is complets
providing the icdide ion is kept helow the 10"‘)1 level., The rate of
reaction is greatly decreased ms the concentration of KI increased.

. A similar observation has been made using polio virus and will
be reported by Nomurs and Hsu at a later date.

Discussion of Results

In discuseing the resction of iodine with viruses it would de
of interest to briefly review the current theory regarding the inter-
action of iodine with water. At the present time the active iodine
species capable of reacting with the complex protein coat is the .
cationic hydrated iodine, 5201"(3,1&). It would not be consistent to
believe that non-ionic or aniocnic forms of todine would possess the
reacting power for the modification of proteins.

Befors considering the active species (3201*) the presence of
hydroxyl ions should be menticned in the formation of HOI, hypcidous
acid, i

I, + OFF 3———2 HOI + 1", X =30 (1)
BOI 7= B +0I", K, =10°1 ()

From these aquilibrium equations the ratio of HOI: can be computed (5).
As the hydroxyl ion concentration is increased the HOI is further
oxidized as given below:

3HOT + 2(0F") =2 HIOy + 2I" + 2,0 (3)

-

(2)Bell, R. P. and Gelles, E., The Halogen Cations in Aquecus Bolutic-,

J. Chem. Soc., 1951, 273k, (1951)
’k;ms, W. L., Chemistry of Iodination, Ann., K.Z. Acsd. Sci. p.3, 1957-58
5)Chang, S. L., The Use of Active Iodine as a Water Disinfectant,

J. Am. Pharmsceutical Assoc. 4T3 417, 1958
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The active speciec of the hydreted icdine catiom, BzOI’ is
produced by the following reection (3):

I + B0 72 RKO0I'+1°, K=1.2x10°11 (3)

and reacticn (5) shovs the combining of I, with 1odide to form the
inactive tri-iodide:

L+ 7= 1", Ky =Tz (5)

Foom the equations (4) and (5) tbe rate of reastion mmt very
inversely ss the square of the concentration of icdide (h);

(Bor*) ()%
(1,7 (50) "

and by incressing the I” by even small emourts the sate of iodine
reaction will decresse rapidly.

In addition, since iodire is soludle cmly to the extent of 1.1
oM/liter in water at 20°C 1cdide is normally alied to produwoe solwkle
ocomplexes vhich increases the solubility of icdine., Most of the
experiments in this study wers perfcrmwed at pH T with 0.0k s (10 pym)
iodine in the presence of 0,043 mM XI. Under these conditions 90%
otth!iodinaoxiluu Iznndfrn t0 react vith water to give astive

(B,01°).

The recent report (6) that organic ioline (Wescodyns) was unehle
to completsly inactivate polio virus in the presenoce of organie
substances may be explained by the presence of iodide. The icdide
reduced from the iodins by the organic substance will inhibit the
viriz1dal sction as obgerved above.

Thexe is evidence availsble that the biological activity of
TMV.RNA (1) and the transforming DNA is not destroyed by 1cdine. The
insc*ivavion of virus by iodine is conceivadly through the modifiestiom
of it protsain coet. The bacterial virus rz has no histidine residue
i~ che protein coat (7) and the lodinstion Of the sulfhydryl, tryptophazyl
Jud tyrosyl groupe peed omly De considered with this virus.

{§)VWallts, C., Bebbebani, A, M., Les, L. X., and Banchi, )., The
Inoffectiveness of Organic Iodine (Wescodyne) as & Yiral Disinfectant,
An. J. Byg., T8; 325, 1963 . '

(7)Xathans, D,, Kotani, G., Schwvarts, J, B and Zinder, N, D.,
Biosymthesis of the Coat Protein of Coliphage fz by E, coli extrects
PNAS, 48; 1k2h, 1952 -
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It was evident from experimental results with p-chloromercuri =~

" benzoic acid, that the modification of the sulfhydryl groups was

insufficient to completely inactivate the £, virus. In this case
inactivatisn may be explained bty onc or nors of the following:

1. -8B groups are not essential for ubsorption and ejection of
nacleic tcid,

2. -sn ;roupo are buriad deep in nolccnlo nnd are not accessible
by iodine, and

3+ protein coat does not contain -8H groups.

Choppin, et. al. (8) and Allison (9) have reported that socme viruses
are resistant to the -SH reacting sgent. In contrast, Each, coli was
insctivated completely since the -8H groups in dacteris perform meny
uu-pm‘uo enzyme hmct:onn.

At PH T the rate of iodination of tyrosin repid providing
the 10dide ion in the system was kept below 10~“M concentration. i
Again this is & phenomsnon of maintaining iodine in sctive cationie
form. It may be reasoned that the cationic iodine will reedily combine
with the phenolats fon of tyrcein, (R -~ @zO - 0°) or the quinonotd
form (R ~@a> "= 0) in alkaline water. The iodination of tyrosin has
besn shown t0 vary inversely with the hydrogen ion concentration by
14 (10) and the rates should be greater ss the OH" concentration of
waters incresse beycnd pH 5.0. It must be sssumed that the mode of
virus inactivation observed in these experiments was due, in part, to .
the lodination of the tyrosyl amino scid rasidus of the Hrotein coat.

l ‘
Esch, 8011 was rapidly and conpi tely inactivated by iodine even

at 0°C in presence of high concen
that the Ligh unaitivity of the sul
concentrations of 3201 13 sufficient
the surface of the cell, which carry

tions of 10dide, It 1s likely
ryl group to even depressed

wodify the enzymas located on
icpenaidble -tabolic functions

and, without which, ceuse the death of

T el

. The conciusions are given as the
1*.48 report.

(G)Chappin, P. W, and Philipson (Rockefeller Imt.) The Imtintion or
terovirus Infectivity by the Sulfhydryl Reagen &
b-uoste, J. Exp. Med., T13-T34, 1961: 5, 1960 On th-
Role of Yim Sulthydryl s in the Attnclnlnt of huroﬂ.m

~-{9)A114s0n, A c., Observation on the Inactivation of Viruses by
Bulfhydryl Reagents, Virology, 17; 176-.83, 1962

(10)14, C. E., J. Am. Chem. Soc., 65; 1147, 19h2, Kinetics and
Mechanisme of 2.6 - - di-iodotyrosine Formation

bltract at the begirning cf
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Summary

A. Effect of Iodine on Bac.erial RNA Vivus (f,)

In the practical application of iodine as & viricidal agent two
prodlems must be recognized, .

1. Iodine rcacts best with some viruses at pE valuss between
6 and 8, and at muca higher or lowver pH values than delimited
by this range, the inactivation will be materially reduced. -

2. The insctivation ratu of some viruses by iodine is greatly
reduced by the presence of the iodide ‘ion, The phenomenon
is most likely Qus to the suppression of sctive species of
E,0I* by the iodide and the formation of inactive ions such
as tri-iodide. Therefore, iodine solutions should not be
erployed as viricidal agent: in the presence of organiec
substances such as culture media, serum and sevege vhich
bave been showvn capavle of reducing the 1§ %0 iodide
in concentrations greater than 107/ to 10U and may limit
virus inactivation to only 90% of the initial numbers of
virus perticles.

B. Probable Mode of Action of Todine on Bactarial Viras(f,)

B8ince it has been shown that iodine does nct inactivats the
diological activity of Tobacoo Mosaie Virus - RNA (11) and the trans-
forming DNA, it 1s conceivable that the inactivation of bdacterial
virus is dus to the modification of the protein cost. For the (f,)
bacterial virus under study only the reaction of iodine vith the
sulfhydryl, tryptophanyl and tyrosyl groups need be considered.

Resction of 1odine with the sulfhydryl groups spperently is not
responsibie for the complete inectivation of the virus since the virus
wus resisztant to p-chloromercuribdenzoic acid, a -8H group reection
agent.

Iodination of tyrosin with cationic hydrated iodine was effective
ncrided no significant amounts of iodide vas in the system. Li (10)
“a8 reported that the rate of tyrosin iodination varies inversely with

tL ¢ hydrogen ion concentration. This mey account for the poor inactivetion

orf toe virus in systems with pH values below 6.0,

-

{11) Breamer, K. W., Chemical Modification of Viral Ridorucleic Acia,
B.B.A. T2; 217, 1963. Virus laboratory, Univ, of Calif.,
Barkeley, Calir,
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SURVIVING

FRACTION
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FIGURE 2

SURVIVALL OF BACTERIAL VIRUS AND E.COLI
TREATED WITH 0.04 uM OF (ODINE (10 ma./v)
SHOWING THE ROLE OF I~ ON INACTIVATION

0.048 MM K|, PH T.0 0.8 M Ki, pH 6.3
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FRACTION OF VIRUS SURVIVING

FIGURE 4
EFFECT OF pH ON SURVIVAL OF BACTERIAL VIRUS WHEN

TREATED WITH 0.04 uM IODINE AND 0.048 M 1ODIDE
ROOM  TEMPERATURE
INITIAL  INOCULUM 61X 1O/ML.
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